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Introduction 


(This introduction is not a part of IEEE Std C57.12.31-xxxxx, IEEE Standard Requirements for Pole-Mounted 
Equipment - Enclosure Integrity.) 


The Accredited Standards Committee on Transformers, Regulators, and Reactors, C57, has for a number of years 
been developing and correlating standards on these products. The data used in this work have been gathered from 
many sources, including the standards of the Institute of Electrical and Electronics Engineers and the National 
Electrical Manufacturers Association, reports of committees of the Edison Electric Institute, and others. 


This IEEE standard is a voluntary consensus standard. Its use becomes mandatory only when required by a duly 
constituted legal authority or when specified in a contractual relationship. To meet specialized needs and to allow 
innovation, specific changes are permissible when mutually determined by the user and the producer, provided 
such changes do not violate existing laws and are considered technically adequate for the function intended. 


This standard was originally prepared by the Joint C57/C37 Working Group on Enclosures with J. Martin and 
then R. C. Olen as chairman. This group is now the Enclosure Integrity Working Group of the IEEE Transform- 
ers Committee. 


The Enclosure Integrity Working Group had the following membership during the revision process: 


R. C. Olen and D. H. Mulkey, Co-Chair 


Joseph Carulli Thomas Jones Edward Smith 
Jack Delk Joseph Martin Al Traut 
Thomas Diamantis Norvin Mohesky Alan Wilks 
Ken Elliott Carl Niemann Al Worland 
Phillip Fahey Robert Scharnell Dan Ziolkowski 
George Henry H.Jin Sim 
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The following persons were on the balloting committee: 


The final conditions for approval of this standard were met on xxxxxxxXXXXXXxxxxx. This standard was condi- 
tionally approved by the IEEE-SA Standards board on xxxxxxxxxxxxx, with the following membership: 


xxxxx, Chair 


xxxx, Vice Chair 
Xxxx, Secretary 


Also included is the following nonvoting IEEE-SA Standards Board liaison: 


xxxx, NIST Representative 
xxxx, TAB Representative 


XXXXXX 
IEEE Standards Project Editor 


Copyright © 2002 IEEE. All rights reserved. 
iv 


IEEE 


POLE-MOUNTED EQUIPMENT — ENCLOSURE INTEGRITY Draft Std C57.12.31 D1.4 — March 26, 2002 
Contents 
Dis OW SEVIS Wi cetera cess tes tect sevestes sou cescystcnstatt casa oe suctsitutesessacuseass sastons voz cuss ates scusncunceses Sas tentcoes Coyeubeascuteueeesthestaets 1 
Ve Vie (SCOPC 2s seeseessiccactes cos ceenecseis tes aveeesntesacacvsxs sesteetvucs seed taava Goasecusvodeases eves aves divs coe veeusaesaveetes seatexsevitisesaetulees 1 
De PUNPOSS's 6.25 c555csacssshsecs doscicestheddechescusees uesieensceniaanscuennedsess cosussas tee iesnnGenisies shed ags caanssasdsagdaizestonesedusabiesas 1 
2. REFERENCED AND RELATED STANDARDS ou... ..cceececsssesssessesseecesececeaeceeesecaeceeesecaeseeesaeeeseaeeaeeaseas 1 
2:1, Referenced: Standards sii caiseszeuescyscseceusvccussayovnvescersestenyscatescesieeas Seeedancovervas outieaaeseetanr ea Wieeesigecees, 1 
Ba IOETINI SELON S acs cores ese ccs che sects evce es caues eset cash geese cucevan seeees essere nee nae ease ceeeweetsatee eerste 2 
Bele ROUMMIE) POSES 2, cccsy stats cccStaxessttathens chedsusssSasacntvet uetas steyheassbeauctesSenecascinastessdesscusettnias denies siasthenteity 2 
3:2... DDOSTSH TEStS: ssc cocinsee petevbesoea te stesnteis ences cvsSidetaviedieseesvs peter ksi cas eda vbges eae aetae esos dcp eeieuew ease iaslens 2 
3,3... <GomformaniCe® Tests esavecs esc. sic etestexhc cies vena arousneecescuetansect Giaisnieceaceactias las verses eat ebes Reagianacee Etgsaeas 3 
3A... Fallen Ta Cie 25 5.525 ccs odes esta evo vaeedeh vee dcd abe ch Gi epee das ares cea ev evies eoteeel terse ee beac vate apenas 3 
3 Ds CAEDOMFSLCE! | ce so5s2te. sag concensus et sesetsceasscpesseneetastetostetaens cteteucoteesecueeaatecneess vn estegetertatecateutas the etaactentouss 3 
4. ENCLOSURE DESIGN AND COATING SYSTEM REQUIREMENTS. ......ccccccssssssscsseesesseeeseeeseeaeens 3 
4.1, Enclosure: Design Requirement: :....2.:cccesisccsseceecesconcetesecessies seavescscveseees cendetseceasnees cosdeedhcesdedeacvaceiaede 3 
4.2. Substrate Requirement 2.00.0... cece secesesceesecseeseceeeeecsseeecesecaessecaeeseceaeenesaesaeesesaesatesecaeseesnaeeresaeeeeaeeas 4 
4.3. Coating System Requirement ...........ccccccececsceesseeseessceeseeseeesecnsecaecsaeseesaecaeceeecaeecaeeeseeneesereserenseees 4 
4.4. Coating System Test Specimens .......c.sscccesdscsive cant soteeten clin eteseeneasveunnessuhesciem neiesiesneeeenens 4 
4.5. Coating System Performance Requirements ............c:ccccceescessceseceeecesecesecseecaeeeseeeeeeeeeeeeeeeeneeneeaees 4 
ie GIN TER AM acoso ctv eags caesarean tines cts ett eee ts ese eet 6 
Dede! “SHIPMEMNES..2s2ccasgieacsaeiaetavevnsesaecagcegangescesiecaneeieesad cova oladesaadiabeessecaesedvecsdauaesiaginsa¥daddedeeceaamrieemceseetaheewss 6 
5.2. Coating Repair Procedure... isi ccececiacausciinieasnaint sets ta saieendiaeeins inane detente bemerueaeneaeeeiees 6 
SUN Gg 25,5555 Sau cesc cds asa cates dees gp tds ce ch ebasacecasiceuy seca snceadescapcuducnes cncncetestsaceauecy lac cbedsacnds caseaeay okdasces sua taeateesasneecninatyeede 7 
RB sop ag S05 sek 54 ea apes os tgs avs np Gags eksc sash ca ops ea au ene Sus es WRad ec tas emp ened Rance aap gueton ech Ceslee sop eed Ae eaeee tes eh tgo eb eeee 10 


Copyright © 2002 IEEE. All rights reserved. 


IEEE 
POLE-MOUNTED EQUIPMENT — ENCLOSURE INTEGRITY Draft Std C57.12.31 D1.4 — March 26, 2002 


Draft: Standard for Pole Mounted 
Equipment - Enclosure Integrity 


1. Overview 


1.1. Scope 


This standard covers conformance tests and requirements for the coating integrity of carbon steel pole 
mounted enclosures containing apparatus energized in excess of 600 volts, typically located out of reach of the 
general public, including, but not limited to, the following types of equipment enclosures: 


a) Pole-mounted distribution transformers 
b) Pole-mounted switches 

c) Pole-mounted regulators 

d) Pole-mounted metering equipment 

e) Pole-mounted reclosers 


f) Pole-mounted switchgear 
1.2. Purpose 


The purpose of this standard is to describe the requirements of a coating system for pole-mounted equipment 
enclosures to ensure long field life with minimum maintenance. 


2. REFERENCED AND RELATED STANDARDS 


2.1. Referenced Standards 


This standard shall be used in conjunction with the following standards. When the following standards are su- 
perseded by an approved revision, the revision shall apply. 
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2.1.1. ASTM Standards’ 
ASTM, 100 Bar Harbor Drive, West Conshohocken, PA 19428 


ASTM B117-85 Standard Method of Salt Spray (Fog) Testing 

ASTM D523-94 Standard Test Method for Specular Gloss 

ASTM D660-93 Method for Evaluating Degree of Checking of Exterior Paint 
ASTM D714-94 Method of Evaluating Degree of Blistering of Paints 


ASTM D1654-92 Standard Method for Evaluation of Painted or Coated Specimens Subjected to Corrosive 
Environments 


ASTM D2794-93 Standard Test Method for Resistance of Organic Coatings to the Effects of Rapid Deforma- 
tion (Impact) 


ASTM D3170-91 Test Method for Chip Resistance of Coatings 

ASTM D3359-95 Standard Methods for Measuring Adhesion by Tape Test 

ASTM D3363-92 Standard Test Method for Film Hardness by Pencil Test 

ASTM D4060-95 Standard Test Method for Abrasion Resistance of Organic Coatings by the Tabor Abrader 
ASTM D4585-92 Standard Practice for Testing Water Resistance of Coatings Using Controlled Condensation 


ASTM G53-95 Standard Recommended Practice for Operating Light and Water Exposure Apparatus (Fluo- 
rescent UV-Condensation Type) for Exposure of Nonmetallic Materials 


2.1.2. Society of Automotive Engineers Standards” 


SAE J400 Test for Chip Resistance of Surface Coatings 


3. DEFINITIONS 


3.1. Routine Tests 


Tests made for quality control by the manufacturer on every device or representative samples, or on parts or 
materials as required to verify during production that the product meets the design specifications and applica- 
ble standards. 


NOTES: 
1 Certain quality assurance tests on identified critical parts of repetitive high-production devices may be tested on a planned sta- 
tistical sampling basis. 
2 "Routine Tests" are sometimes called "Production Tests". 


3.2. Design Tests 


Tests made by the manufacturer to determine the adequacy of the design of a particular type, or model of 
equipment or its component parts to meet its assigned ratings and to operate satisfactorily under normal con 


' ASTM standards are available from American Society of Testing Methods, 100 Bar Harbor Drive, West 
Conshohocken, PA 19428, USA 

* Society of Automotive Engineers standards are available from Society of Automotive Engineers, 400 
Commonwealth Blvd, Warrendale, PA 15906, USA 
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ditions and under special conditions if specified. These tests may be used to demonstrate compliance with ap- 
plicable standards of the industry. 


NOTE: Design tests, sometimes called type tests, are made on representative apparatus or prototypes to verify the validity of design 
analysis and calculation methods and to substantiate the ratings assigned to all other apparatus of basically the same design. These tests 
may also be used to evaluate the modification of a previous design and to ensure that performance has not been adversely affected. Test 
data from previous similar designs may be used for current designs, where appropriate. Once made, the tests need not be repeated unless 
the design is changed so as to modify performance. 


3.3. Conformance Tests 


Certain performance tests are conducted to demonstrate compliance with the applicable standards. The test 
specimen is normally subjected to all planned routine tests prior to initiation of the conformance test program. 


NOTE: The conformance tests may, or may not, be similar to certain design tests. Demonstration of margins (capabilities) beyond the 
standard requirements is unnecessary. 


3.4. Film Thickness 


Thickness of any applied coating(s) measured after curing 


3.5. Carbon Steel 
A steel containing only residual quantities of elements other than carbon, except those added for deoxidation 
or to counter the deleterious effects of residual sulfur. Silicon is usually limited to about 0.60%, and manga- 


nese to about 1.65%. Also termed plain carbon steel, ordinary steel, straight carbon steel. (reference: The 
Metals Black Book VI, Ferrous Edition). 


4. ENCLOSURE DESIGN AND COATING SYSTEM REQUIREMENTS 


4.1. Enclosure Design Requirements 

Objective - The objective of this section is to describe design and performance requirements for carbon steel 
pole-mounted enclosures. Other stringent performance requirements may be needed to ensure long field life in 
special or coastal environments. 

4.1.1. Accessibility 

The enclosure shall be designed such that all exterior surfaces are accessible for proper surface preparation 
and the application of a uniform amount of the coating materials. Additionally, all exterior surfaces of the en- 
closure are to be accessible for the purposes of inspection and maintenance of the enclosure over the life of the 
equipment. 

4.1.2. Contaminant Accumulation 

The enclosure shall be designed to shed water and minimize areas where corrosive elements can accumulate. 
4.1.3. Welds - Surface Preparation 

All welds shall be treated to prepare the weld area and the heat affected zones for coating. Weld splatter shall 


be removed. All welds are to be made in accordance with appropriate industrial welding Standards. 
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4.2. Substrate Requirements 


The substrate shall be a material which, when coated or otherwise processed, will maintain the structural integ- 
rity of the enclosure over the life of the apparatus. 


4.3. Coating System Requirements 
4.3.1. General 


All coated surfaces on the exterior of the enclosure that may be exposed to the environments shall be capable 
of meeting the performance tests required by this Standard. 


4.3.2. Specification of Coating Characteristics 


If more than one coating system is used for different areas of the enclosure, the areas in which each is used 
shall be identified. The laboratory test performance data of each coating system shall be identified. The labo- 
ratory test performance data of each coating system shall be submitted for approval upon request. This data 
shall be resubmitted whenever there are changes in the method and/or materials. 


4.3.3. Coating Touch-up Prior to Shipment 


Touch-up, when required, shall be done at final inspection before any equipment is shipped. In areas where the 
integrity of the coating system is violated, the touch-up shall blend smoothly and meet all performance criteria 
of the original coating. 


4.3.4, Enclosure Color 
Unless otherwise specified, the topcoat color shall be Munsell number 5BG 7.0/0.4 (ANSI Gray #70). 
4.4. Coating System Test Specimens 


Test specimens shall consist of panels of the same material composition used in production. Test specimens 
shall be in accordance with Figures 1, 2, 3 and 4 as to size and type. Quantity and type of panels in each test 
are identified under the specific test. All panels shall be cleaned, coated and cured using the production coat- 
ing system. Coated test panels shall be conditioned at room temperature and humidity for a minimum of 7 days 
prior to any testing. 


4.5. Coating System Performance Requirements 
4.5.1. Salt Spray Test 


Three coated panels, per figure 1, shall be scribed per ASTM D1654 and tested for 1000 hours in a 5% salt 
spray in accordance with ASTM B117. The scribe shall be prepared for evaluation using ASTM D1654, pro- 
cedure A, method 2. The scribe shall be divided into 6 mm?’ zones and the worst spot in each zone will be 
evaluated (except the first 6 mm’ of the scribe at each end of the scribe line). The average of the 14 readings 
shall be rated per ASTM D1654, table 1. After a rating has been set for each of the three panels, the average 
rating of the three shall not be less than a 6 rating. The area away from the scribe shall have no blisters. 


30.25 inch 
40.25 inch 
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4.5.2. Cross Hatch Adhesion Test 


One coated test panel, per figure 2, shall be scribed to bare metal in accordance with ASTM D3359. Method 
A shall be used for films thicker than 0.13 mm? and method B shall be used for films less than or equal to 0.13 
mm’. There shall be 100% adhesion to the substrate and between layers. A rating of 5A for method A and 5B 
for method B per ASTM D3359 is required. 


4.5.3. Humidity Test 


Two coated panels, per figure 1, shall be tested for 1000 hours in accordance with ASTM D4585 except that 
the test shall be conducted at 45° + 1°C’ (). Upon completion of the test, panels shall be evaluated for: 


a) Blistering - There shall be no blistering observed on the surface of the panels when inspected within 
15 minutes after removal from the cabinet. 


b) Softening - After removal from the cabinet, allow the panels to air dry for 24 + 1 hours. There shall be 
no more than one pencil hardness change when tested per ASTM D3363. 


Any color change shall be noted. 
4.5.4, Impact Test 


The following test is required for all coated surfaces on the exterior of the pole mounted equipment but does 
not apply to the cover and ring. One coated panel, prepared per figure 2, shall be impacted at room tempera- 
ture on a concrete floor using procedures described in ASTM D2794 at 0.92 kilogram meters®. The impacted 
test panels shall be exposed to 24 hours of salt spray per ASTM B117. There shall be no red rust visible in the 
impact (intrusion) area of the panel. 


4.5.5. Insulating Fluid Resistance Tests (For Liquid Filled Equipment Only) 


Partially immerse one coated panel, per figure 2, in the insulating liquid for 72 hours at 100°C - 105°C”. On 
the immersed portion of the panel, there shall be no loss of adhesion per ASTM D3359, no blisters, no 
streaking and no more than one pencil hardness change per ASTM D3363, using either method. Any color 
shift shall be noted. 


4.5.6. Ultraviolet Accelerated Weathering Test 


The following test is required for all coated surfaces on the exterior of the pole-mounted equipment. Expose 
two test panels, per figure 2, for 500 hours per ASTM GS3, utilizing the FS-40 bulb with a cycle of 4 hours 
ultraviolet at 60°C'” followed by 4 hours condensation at 50°C'’. Loss of gloss shall not exceed 50% of origi- 
nal gloss per ASTM D523. The coating shall not exhibit cracking or crazing under unaided visual inspection. 


°5 mils (.005") 
°5 mils (.005") 
7113°F + 2°F 

* 80 inch-pounds 
°212°F - 221°F 
'0 140°F 

1 192°F 


Copyright © 2002 IEEE. All rights reserved. 


IEEE 
Draft Std C57.12.31 D1.4 — March 26, 2002 IEEE DRAFT STANDARD REQUIREMENTS FOR 


4.5.7. Ultraviolet Accelerated Weathering (QUV) and Simulated Corrosive Atmospheric Breakdown 
(SCAB) 


Three coated panels, per figure 1, shall be prepared and tested in accordance with the procedure described in 
appendix 1. The scribe shall be prepared for evaluation using ASTM D1654, procedure A, method 2. Upon 
completion of 10 cycles of SCAB, the scribe line shall be divided into one quarter inch zones and the worst 
spot in each zone will be evaluated by measuring the amount of creepage along the scribe line (except the first 
one quarter inch of the scribe at each end of the scribe line). The average of the 14 readings shall be rated per 
ASTM D1654, table 1. After a rating has been set for each of the three panels, the average rating of the three 
shall not be less than a 6 rating. The area away from the scribe shall have no blisters. 


4.5.8. Abrasion Resistance Tabor Abrader 

The following test is required for all coated surfaces on the exterior of the pole-mounted equipment but does 
not apply to the cover and ring. One coated panel, per figure 3, having the minimum dry film thickness of the 
total coating system shall be tested using CS-10 wheel, 1000 gm weight, in accordance with ASTM D4060. A 
total number of 3000 cycles shall be run with the wheels resurfaced before testing and after each 500 cycle 
run. The abraded panel shall be exposed to 24 hours of salt spray per ASTM B117. There shall be no visible 
red rust. 

4.5.9. Gravelometer 

Two coated panels per figure 4 are to be tested per ASTM D3170 at room temperature using 60 psi air pres- 
sure. Expose the test panels for 24 hours in salt spray per ASTM B117. Remove from salt spray, rinse and dry 


panels. Evaluate panels per SAE J400 for quantity and size of rusted chipped areas. Minimum rating shall be 
4B per SAE J400. 


5. GENERAL 


5.1. Shipment 


The manufacturer shall provide a method of shipment that will allow the enclosure to be received by the pur- 
chaser such that it still meets the performance tests required by this Standard. 


5.2. Coating Repair Procedure 


A coating system repair procedure shall be recommended by the manufacturer. 
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Annex A 


(normative) 


ULTRAVIOLET ACCELERATED WEATHERING (QUV) 
AND SIMULATED CORROSIVE ATMOSPHERIC 
BREAKDOWN (SCAB) PROCEDURE 


1. The three panels prepared per 4.4 and evaluated per 4.5.7 are to be tested per ASTM G53 (Ultraviolet 
Accelerated Weathering) for 504 hours. Test equipment with FS-40 bulbs and the cycle set for 4 hours 
ultraviolet at 60°C + 2°C'’, followed by 4 hours condensation at 50°C + 2°C"* is to be used. No evalua- 
tion is necessary after test as this is a conditioning step. 


2. Scribe the panels in accordance with ASTM D1654 and as shown in figure 1. 


3. Place the test panel (scribed side facing up) in a plastic or wood rack with the scribe line in a vertical po- 
sition. The rack shall hold the panels at a 15 degree (+5 degree) angle from the vertical. Multiple panels 
in the test rack should not touch one another. 


4. Expose the panels for the specified number of cycles. (One weekday equals one cycle). 


a. Mondays Only 

1. One hour in oven at 60°C + 2°C”. 

2. 15 minutes in freezer at -23°C + 2°C"*. Panel should be transferred into freezer within 1 minute 
after removal from the oven. 

3. Remove the panels from the freezer and immerse in a 5% NaCl solution for 15 minutes. The 
NaCl solution should be at room temperature. The panel transfer time from freezer to the NaCl 
immersion should be less than | minute. 

4. Remove from NaCl bath and let hang in room temperature and humidity atmosphere for 1 hour 
15 minutes. 

5. Place panel in 60°C + 2°C"” and 85% + 3% relative humidity cabinet for 21 hours. 


b. Tuesday through Friday 
1. Test panels to be immersed in 5% NaCl solution for 15 minutes. The NaCl solution should be at 
room temperature. 
2. Allow the test panels to age at room temperature and humidity for 1 hour 15 minutes. 
3. Place the test panels in 60°C + 2°C"” and 85% + 3% relative humidity cabinet for 22 hours 30 
minutes. 


c. Saturdays and Sundays: Leave the test panel in the humidity cabinet at 60°C + 2°C”” and 85% rela- 
tive humidity. 


d. Monday (Last Day): Remove the test panels from the humidity cabinet and evaluate per 4.5.7. 


'2 140°F + 4°F 
'3'122°F + 4°F 
4 10°F + 4°F 


Copyright © 2002 IEEE. All rights reserved. 


IEEE 
Draft Std C57.12.31 D1.4 — March 26, 2002 


SEE NOTE 4 SEE NOTE 1 


SEE NOTE 2 


O 


SEE NOTE 6 


SEE NOTE 3 


Figure 3 
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SEE NOTE 1 


152 


k—76 mm—>| 


Figure 2 


NOTES 


Hole can be placed in panel for hanging for 
paint operations if required. Locate centered 
on short dimension and 3 mm to edge of hole 
on long dimension. Recommended maximum 
hole size 14 mm diameter. 


Weld bead to be the type metal composition 
as the panel. Weld bead to be 6 mm wide and 
3 mm high. 


Hole can be placed in panel for hanging. To 
be located in one corner. Recommended 
maximum hole size 14 mm diameter. 


Scribe per ASTM D1654 across weld ap- 
proximately 100 mm scribe length. 


Panel thickness to be of typical production 
stock used in the manufacture of devices test 
is intended for. 


6 mm diameter hole may require reaming to 
fit Taber abrader post. 
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SEE NOTE 1 


200 
mm 
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NOTES 


Hole can be placed in panel for hanging 
for paint operations if required. Locate 
centered on short dimension and 3 mm to 
edge of hole on long dimension. Recom- 
mended maximum hole size 14 mm di- 
ameter. 


Panel thickness to be of typical produc- 
tion stock used in the manufacture of de- 
vices test is intended for. 
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Annex B 


(Informative) 


Bibliography 


Related American National Standards (ANSI)'° and Institute of Electrical and Electronics Engineers (IEEE) 
Standards'® 


The following standards are listed here for information only and are not essential for the completion of the re- 
quirements of this Standard. 


e ANSI C2 National Electrical Safety Code 
e =C57.12.20 through C57.12.39 ANSI/JIEEE Standards for Distribution Transformers 
e = ANSI/IEEE C41.100 Standard Dictionary of Electrical Electronics Terminology 


'S ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 
42nd Street, 13th Floor, New York, NY 10036, USA (http://www.ansi.org/). 

'6 TREE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, 
P.O. Box 1331, Piscataway, NJ 08855-1331, USA. (http://standards.ieee.org/) 
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